Abstract-In this paper, based on bifuzzy theory, we study the multiobjective programming problem under bifuzzy environment and present the expected value model to the problem. Furthermore, to the proposed model, the concepts of non-inferior solution are defined, and their relations are also discussed. According to practical decision-making process, a solution method, called the method of main objective function, has been studied, whose results can facilitate us to design algorithms to solve the bifuzzy multiobjective programming problem. Finally, a numerical example is given to explain the proposed method.
I. INTRODUCTION
The multiobjective programming problems are studied by many researchers such as [3] , [15] , [16] , [ [18] ],[ [20] . For given multiobjective problem, its absolute optimal solutions which optimize each objective functions simultaneously usually don not exist, so we consider their non-inferior solutions, which are Pareto optimal solutions in common use. There are various types of uncertainties in the real-world problem. As we known, random phenomena is one class of uncertain phenomena which has been well studied. Based on the probability, stochastic multiobjective programming problems have been presented such as [1] , [17] . Besides randomness, fuzziness is a basic type of subjective uncertainty initiated by [26] . Since the pioneering work of Zadeh, possibility theory was developed and extended by many researchers such as [2] , [4] , [7] , [23] , [21] , [24] . Based on possibility theory, an axiomatic approach, called credibility theory [6] , was studied extensively. From a measure-theoretic viewpoint, credibility theory provides a theoretical foundation for fuzzy programming [9] just like the role of probability theory in stochastic programming [5] . In a practical decision-making process, we often face a hybrid uncertain environment where linguistic and frequent nature coexist. For the examples of two fold uncertainty, we may refer to Liu [6] , Liu [8] , [10] , Liu [11] , Liu and Liu [13] , Yazenin [22] , Zhou [25] . To deal with this two fold uncertainty, it is required to employ bifuzzy theory [7] . The multiobjective programming under bifuzzy environment has not been developed well, therefore, following the idea of stochastic multiobjective programming, this paper devotes the bifuzzy multiobjective programming (BMOP) problems based on the random fuzzy theory. For the parameters of bifuzzy, we consider their expectation which convert the BMOP problem into the expected value model of bifuzzy multiobjective (EVBMOP) which is a deterministic multiobjective problem. By the deterministic problem above, we can obtain the expected value efficient solutions or expected value weakly efficient solutions to the BMOP problem. In actual problem, we usually need to distinguish between primary and secondary of the objective functions to the BMOP problem, so the method of main objective function is presented to solve the BMOP problem in this paper, which can covert the EVBMOP problems corresponding to the BMOP problem into the deterministic single objective programming problems whose optimal solutions are expected value weakly efficient solutions to the BMOP problems.
This paper is organized as follows. The next section provides a brief review on the related concepts and results in bifuzzy theory. Section 3 presents the BMOP problem and its expected value model. Furthermore, based on the expected value model, the expected value efficient solution and expected value weakly efficient solution to the BMOP are proposed, and their properties are discussed. To solve the BMOP problem, the method of main objective function is introduced in Section 4. Finally, Section 5 provides a summary of the main results of this paper.
II. BASIC CONCEPTS
Given a universe Γ , ρ Γ ( ) is the power set of Γ , and a set function Pos defined on ρ Γ ( ) is called a possibility measure if it satisfies the following conditions [4] : ( , ( ), r) is usually called a possibility space, which is called a pattern space by Nahimias [19] .
In addition, a self-dual set function, called credibility measure, is defined as follows [12] : A fuzzy variable X is defined as a function from a credibility space Based on credibility measure, the expected value of fuzzy variable X is defined as [12] Cr r dr Cr r dr
provided that one of the two integrals is finite. Given a credibility space To solve the BMOP problem, based on bifuzzy theory, we present the expected value model of bifuzzy multiobjective programming (EVBMOP) problem which is a deterministic multiobjective programming problem as 
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and be convex vector function on x for any given . Furthermore,
is also convex vector function. In addition, for any given and ,
( , ) and F x t 2 ( , ) (correspondingly, and are comonotonic on t , then the EVBMOP problem is a convex programming.
Proof. To prove the theorem, it is sufficient to illuminate that E F x ξ [ ( , )] is a convex vector function and the feasible region D is a convex set. By the assumed conditions, for any given , we can obtain: 
E [F( (1 ) , )] E [F( , )] (1 )E [F( , )].
From the comonotonic properties, taking the expectation of fuzzy variable to the inequality above, we have Using the same method above, we can obtain: Similarly, it follows from the comonotonic properties that
Obviously, by Eq. (6)and Eq. (7), it shows that feasible region is a convex set. D Hence, the EVBMOP problem is a convex programming. The proof is complete.
B. Three solution Concepts and Their Relations
Definitions 3.1. For the EVBMOP problem, if we say that is the expected value absolute optimal solution to the BMOP problem whose solution set is denoted It follows from inequality above that
which illuminates x D ∈ , i.e., x is the feasible solution to SOP problem, therefore, it is easy to know 
E[ ( , )] E[ ( , )]
, which is a contraction with the previous hypothesis that is the optimal solution. Hence, we can obtain that 
E[ ( , )] E[ ( , )
] that x is the optimal solution to the SOP problem, which is a contradiction with the previous hypothesis that the optimal solution to SOP problem is unique. Thus, which verifies the required conclusion. α is not well-found, then the feasible sets D may be empty set, which can't get the optimal solution of SOP problem, that is, we can't obtain the expected value noninferior solutions to the BMOP problem, so we can take the following measure which can avoid that D is empty set: for any given , which can guarantee that one solution at least, i.e., there exist at least. Furthermore, the optimal solutions of the SOP problem by the measure proposed above must be the expected value weakly efficient solution of the BMOP problem, and it may be not satisfying, but it is the practical technique to deal with real-life problem frequently.
B. Expected Value Model of Bifuzzy Multiobjective Programming
In particular, if the bifuzzy variable ξ involved in the problem (8) is a discrete one, we will illuminate how to calculate the Here the fuzzy variable X 1 assumes the value 3, 4, 5with the possibility 1/4, 3/4, and 1, respectively; X 2 assumes the value 1, 2, 3 with the possibility 5/12, 1 and 7/12, respectively; and X 3 assumes the value 6, 8, 10 with the possibility 2/7, 1/7 and 1, respectively.
According to the method of main objective function discussed above, the problem (12) can be transformed into the following single objective problem 
